Apolipoprotein E (ApoE), a component of very-low-density and high-density lipoproteins, participates in many aspects of lipid transport in the bloodstream. Underscoring its important functions, ApoE isoforms have been associated with metabolic and circulatory disease. ApoE is also incorporated into hepatitis C virus (HCV) particles, and promotes their production and infectivity. Live cell imaging analysis of ApoE behavior during secretion from producing cells thus has the potential to reveal important details regarding lipoprotein and HCV particle biogenesis and secretion from cells. However, this approach requires expression of fluorescently tagged ApoE constructs that need to faithfully reproduce known ApoE behaviors. Herein, we evaluate the usefulness of using an ApoE-GFP fusion protein in studying hepatocyte-derived, ApoEcontaining lipoproteins and HCV particles. We show that while ApoE-GFP alone is not sufficient to support infectious HCV production, it nonetheless colocalizes intracellularly and associates with secreted untagged lipoprotein components. Furthermore, its rate of secretion from hepatic cells is indistinguishable from that of untagged ApoE. ApoE-GFP thus represents a useful marker for ApoE-containing hepatic lipoproteins.
| INTRODUCTION
Expression of fluorescent protein (FP)-tagged constructs is a powerful method used to study spatial and temporal dynamics of proteins, membranes and organelles in live cells. The method relies on fusing, in frame, a DNA fragment encoding one of an ever-growing list of FPs 1 to the 5 0 -, 3 0 -or middle of a DNA fragment encoding a protein whose dynamics are to be studied, followed by expression of the resulting chimeric gene. Powerful spatiotemporal studies may be carried out and their results properly interpreted if the FP-tagging does not detectably interfere with the process studied. 2 Unfortunately, FP-tagging may also result in dominant-negative, nonfunctional or mislocalized fusion proteins, as outlined in greater detail in a previous study. 3 Thus, to avoid collecting and interpreting artifactual data caused by expression of aberrantly behaving FP-fusion proteins, an initial battery of functional tests should be performed. 3 In this study, we present such a characterization of a green fluorescent proteintagged apolipoprotein E (ApoE-GFP) fusion protein for use in the investigation of lipoprotein and HCV secretion from hepatic cells.
Plasma lipoproteins transport lipids (triglycerides, phospholipids, cholesterol and cholesteryl esters) in the bloodstream and are classified in part by their buoyant density. They include very-low-density lipoproteins (VLDL), low-density lipoproteins (LDL) and high-density lipoproteins (HDL). 4 VLDL, formed by the large apolipoprotein B100 (ApoB100), shuttle lipids (mainly triglycerides) from the liver to the periphery. HDL, in turn, shuttle cholesterol from the periphery back to the liver in a process known as reverse cholesterol transport and may be formed by several smaller apolipoproteins, including ApoE. 5 ApoE is expressed by and secreted from several cell types, including hepatocytes, 6 macrophages 7 and astrocytes. 8 A 299-amino-acid, Oglycosylated apolipoprotein, 9, 10 ApoE is composed of a C-terminal domain rich in amphipathic helices and possessing lipid binding ability, and a N-terminal globular domain which mediates binding to members of the LDL receptor (LDLR) family. 9 Through its LDLR binding activity, ApoE promotes clearance of cholesterol-rich lipoprotein particles from circulation. [11] [12] [13] Human ApoE occurs as several major isoforms, termed ApoE2, ApoE3 and ApoE4, respectively. 14,15 While
ApoE3 is the most common isoform and is considered "neutral" with respect to disease association, ApoE2 is associated with type III hyperlipoproteinemia and ApoE4 is associated with type V hyperlipoproteinemia. 14, 16, 17 Furthermore, the minor isoform ApoE3-Leiden is a dominant predictor of type III hyperlipoproteinemia. 18 Type III disease association is correlated with low clearance rate of ApoEcontaining lipoproteins due to defects in LDLR binding. 19 Some of the lipid metabolic functions of ApoE are mediated through its interaction with ApoB100-containing VLDL. 20, 21 ApoB100 is essential for VLDL production as it is VLDL's structural apolipoprotein component. ApoE may interact, however, with VLDL particles as an exchangeable apolipoprotein component. Hepatocytemade ApoE, in particular, associates intracellularly with VLDL particles, [22] [23] [24] and stimulates the secretion of VLDL-associated triglycerides. 25, 26 Furthermore, ApoE is incorporated into HCV particles that assemble at the endoplasmic reticulum (ER) of infected hepatocytes. [27] [28] [29] [30] [31] [32] [33] This ApoE-HCV association is important for efficient production of HCV particles and for the infectivity of released HCV particles. 32, [34] [35] [36] [37] [38] [39] Given these hepatocyte-specific functions of ApoE in lipoprotein and HCV particle formation and release, we set out to determine whether ApoE could be functionally FP-tagged and thus subsequently used in analyzing the spatiotemporal dynamics of ApoE-containing lipoprotein and HCV particles. Such imaging studies may help identify the subcellular compartments that mediate lipoprotein and HCV secretion, and may also yield quantitative, singleparticle focused kinetic measurements describing these processes.
Previous studies have described ApoE-GFP constructs that were used to image microtubule-dependent ApoE secretion from macrophages, 40 or to colocalize ApoE with fluorescently labeled HCV entities. 41, 42 In the macrophage study, ApoE-GFP secretion from cells was comparable to that of untagged ApoE, and its localization at the ER, Golgi and in secretory vesicles, and its movement along microtubules were consistent with behaviors expected of this secreted protein, 40 suggesting that this ApoE-GFP is a good marker for the secretion of ApoE from macrophages. Whether ApoE-GFP is also a useful marker for monitoring ApoE secretion from hepatic cells, in the presence or absence of HCV infection, has not been formally addressed to date.
Here, we inquired whether ApoE-GFP reproduced the behavior of untagged ApoE with respect to lipoprotein and infectious HCV particle release from hepatic cells. We tested whether: (1) ApoE-GFP was properly expressed in cells; (2) ApoE-GFP colocalized with untagged ApoE and ApoB100; (3) ApoE-GFP was secreted from cells with similar efficiency as untagged ApoE; (4) ApoE-GFP associated with secreted lipoprotein or HCV particles; and (5) ApoE-GFP supported infectious HCV production. Together, our data indicate that ApoE-GFP faithfully reproduces the known involvement of ApoE in hepatic lipoprotein secretion, and supports its use in future imaging studies aimed at elucidating dynamic spatiotemporal aspects of lipoprotein secretion.
| RESULTS

| Expression and detection of ApoE-GFP
In this study, we fused monomeric enhanced GFP (mEGFP) 43 to the carboxyl terminus of full length human ApoE3 (hApoE3). We introduced silent mutations in the ApoE-coding sequence to confer resistance to short hairpin RNA (shRNA)-mediated knockdown. The linker between ApoE and GFP is predicted to be identical with that found in an ApoE-GFP construct that was characterized in macrophages. 40 From here on, we refer to the shRNA-resistant hApoE3-mEGFP construct that we made as ApoE-GFP.
To characterize ApoE-GFP, we stably expressed it in human hepatoma Huh-7.5 cells. We used these cells because they secrete both ApoB100-and ApoE-containing lipoproteins, support the complete HCV live cycle 44, 45 and are easy to grow and passage, thus making them amenable to large scale biochemical experiments or to genetic manipulations. Huh-7.5/ApoE-GFP cells expressed both ApoE-GFP (62 kDa predicted unglycosylated molecular weight) and untagged ApoE (predicted 34 kDa), as detected using a polyclonal goat α-ApoE antibody ( Figure 1A , left panel). The ApoE-GFP fusion was also detected using an α-GFP antibody ( Figure 1A , middle panel). ApoE-GFP was not detected in the parental Huh-7.5 cell line, nor in the empty vector (EV) transduced control cell line Huh-7.5/EV Hygro ( Figure 1A ). Similar amounts of cell lysate from each of the 3 cell lines were loaded, as detected by an α-actin antibody ( Figure 1A , bottom panel).
We also detected an approximately 45 kDa band in the lysates obtained only from Huh-7.5/ApoE-GFP cells and stained with the polyclonal α-ApoE antibody (marked by a star in Figure 1A , left panel). This band was not detected using the α-GFP antibody ( Figure 1A , middle panel), was not secreted ( Figure 3C , see below)
and was rapidly degraded as observed in a radioactivity pulse chase experiment (data not shown). As such, this band likely represents a nonfluorescent, unstable polypeptide produced in the ApoE-GFP cells that is unlikely to interfere with the imaging of ApoE-GFP.
Interestingly, when we probed the same lysates discussed above with a monoclonal rabbit α-ApoE antibody (clone EP1374Y) that was raised against the carboxyl terminus of ApoE (Abcam), we only detected the endogenously expressed untagged ApoE ( Figure 1A , right panel). We suspected that the GFP tag, when fused to or near this antibody's epitope, either obscures or modifies the epitope, rendering ApoE-GFP unrecognizable by this α-ApoE antibody. Epitope masking by the GFP tag has been previously documented in other contexts. 46 We confirmed this was the case by performing immunofluorescence experiments in HeLa cells, which do not express endogenous ApoE. 47 We transduced these cells with lentiviruses expressing ApoE-GFP, which has the carboxyl terminal epitope fused to the GFP tag, or GFP-ApoE, which has a free carboxyl terminus. As predicted, ApoE-GFP was not stained with the α-ApoE monoclonal antibody, while GFP-ApoE was stained brightly ( Figure 1B , right column). The GFP signal was detected in both GFP-ApoE and ApoE-GFP expressing cells ( Figure 1B , middle column), while no GFP or ApoE staining was detected in untransduced HeLa cells ( Figure 1B , top row). We conclude therefore that this monoclonal α-ApoE antibody does not recognize ApoE-GFP and can therefore be used to distinguish between untagged ApoE and ApoE-GFP.
| ApoE-GFP colocalizes with endogenous ApoE, ApoB100 and the Golgi
We proceeded to characterize the localization of ApoE-GFP in the Huh- [22] [23] [24] , we inquired whether ApoE-GFP colocalized with ApoB100. In cells co-stained with an α-ApoB100 antibody ( Figure 2D ), 73% of the ApoE-GFP puncta overlapped with ApoB100 puncta (n = 426 ApoE-GFP puncta from 9 cells), consistent with ApoE-GFP and ApoB100 being found in close proximity. As a control, we also colocalized ApoE-GFP with mCherry, 48 which we targeted to the lumen of the secretory pathway by fusing it to the signal peptide of human serum albumin ( Figure 2E ). This mCherry construct is thus expected to model a generic secreted cargo found in the lumen of the secretory pathway, including its vesicles. Only 41% of the ApoE-GFP puncta (n = 573 puncta from 10 cells) colocalized with mCherry puncta, indicating that colocalization between ApoE-GFP and ApoE or ApoB100 is specific, rather than a consequence of all 3 molecules being secretory cargoes loaded into the same vesicular carrier. ApoE-GFP thus likely decorates the hepatic lipoproteins found within the lumen of the secretory pathway.
| ApoE-GFP and endogenous ApoE secretion rates are indistinguishable
ApoE is a secreted protein. To characterize ApoE-GFP's kinetics of secretion from cells, we performed radioactive pulse-chase experiments in the Huh-7.5/ApoE-GFP cells and in the control Huh-7.5/EV Hygro cells. After a short radioactive pulse, we chased the cells in the absence of label while measuring ApoE-and ApoE-GFP-associated radioactivity in both media and cell lysates at regular intervals. The percent of total ApoE-GFP ( Figure 3A , blue trace) that was recovered from the media was at all times undistinguishable from the percent of endogenously expressed ApoE recovered from the same Huh-7.5/ ApoE-GFP conditioned media ( Figure 3A , red trace) or from media conditioned by control Huh-7.5/EV Hygro cells ( Figure 3A , black trace).
The percent not secreted at each time point represents protein that remained cell-associated. ApoE-GFP thus possesses the same capacity to be secreted from the Huh-7.5 cell line as endogenous ApoE.
| ApoE-GFP associates with secreted ApoE and ApoB100
ApoE is secreted from cells as lipoprotein particles of various sizes and lipid compositions. These include ApoB100-containing VLDL/ LDL and ApoB100-free HDL particles. Yellow stars are placed immediately below ApoE-GFP puncta that colocalized with ApoB100 puncta, while cyan stars are placed below ApoE-GFP puncta that did not colocalize with ApoB100. E, ApoE-GFP shows sparse colocalization with lumenal mCherry. Huh-7.5/SP-mCherry cells, expressing mCherry fused to the signal peptide of human serum albumin, and thus directed to the lumen of the secretory pathway, were imaged using the dipping lens epifluorescence microscope. A single deconvolved image of a cell, and a magnified view of the marked region are shown (scale bars = 10 μm). Yellow stars are placed immediately below ApoE-GFP puncta that colocalized with mCherry puncta, while cyan stars are placed below ApoE-GFP puncta that did not colocalize with mCherry.
of ApoE-GFP-free media with the α-ApoB100 antibody resulted in recovery of only untagged ApoE, as expected ( Figure 3B , lane e), while the other conditions resulted in minimal or no recovery of ApoE, ApoE-GFP or ApoB100 ( Figure 3B , lanes c, d and f ). The media samples used in these assays were conditioned by similar numbers of cells ( Figure 3C , left panels), and contained comparable total amounts of ApoB100 and ApoE ( Figure 3C , right panels). All in all, our localization, kinetic and biochemical assays establish ApoE-GFP as a useful marker for the analysis of the secretion of ApoE-containing lipoproteins.
| Live cell imaging of ApoE-GFP transport
We imaged live Huh-7.5/ApoE-GFP cells with a microscope setup that allows us to excite the field of view using either epifluorescence or total internal reflection fluorescence microscopy (TIR-FM) illumination. 49 Using this system, we identified numerous ApoE-GFP puncta that displayed rapid, saltatory movements, generally toward the periphery of the cell (Movies S1-S3, Supporting information). The paths that the ApoE-GFP puncta followed in their movements were generally straight ( Figure 4A ,B). This was even more apparent when we performed a maximum intensity projection of all the images from a time series onto a single plane, thus highlighting the trajectories of particle movement ( Figure 4A ,B, last panel). This type of dynamics are expected of secretory vesicles containing ApoE-GFP and moving along cytoskeleton tracks, likely microtubules, as previously documented for ApoE-GFP in macrophages, 40 or for HCV. 41 Our results thus show that ApoE-GFP can readily be used in live cell imaging experiments to analyze lipoprotein secretion by hepatocytes.
| ApoE-GFP and infectious HCV egress
Because ApoE is also a functionally important component of infectious 
Green fluorescent protein-tagged apolipoprotein E (ApoE-GFP) is secreted from Huh-7.5 cells and associates with lipoprotein particles. A, The rates of secretion of ApoE and of ApoE-GFP were measured using a radioactive pulse-chase experiment. At each time point, the amount of secreted radiolabeled cargo is shown as percent of the amount of total (cell-associated + secreted) radiolabeled cargo recovered at that time point. ApoE amounts were measured during secretion from Huh-7.5/EV Hygro (black trace) and Huh-7.5/ApoE-GFP cells (red trace), and the ApoE-GFP amounts were measured in Huh-7.5/ApoE-GFP cells (blue trace). B, ApoE-GFP associates with secreted untagged ApoE and ApoB100. Media was conditioned by Huh-7.5/ApoE-GFP cells or by Huh-7.5/EV Hygro cells, then immunoprecipitation (IP) with antibodies listed above the figure was performed. The pulled down material was then blotted against ApoB100 (AB742, top panel) and ApoE (AB947, bottom panel). Letters between the 2 panels correspond to the lane labeling described in the text. C, Media used in the IP experiment in panel B. was conditioned by similar amounts of cells and contained comparable amounts of secreted cargo. Cell lysates (left panels) and total media (right panels) were blotted against ApoB100 (AB742, top panel), ApoE (AB947, middle panel) and β-actin (AC-74, lower panel).
HCV genome replication, while establishing that ApoE-GFP cannot support the production of infectious HCV particles in the absence of untagged ApoE.
We also inquired whether ApoE-GFP associated with the HCV Figure 5E ). We allowed these cells to secrete HCV for 72 hours post electroporation, and then performed IP assays with the rabbit α-ApoE monoclonal antibody EP1374Y, which does not recognize ApoE-GFP, with rabbit α-GFP, or with control normal rabbit IgG. We then quantified the HCV RNA levels pulled down under these conditions. The α-ApoE pull down resulted in between 2.5-and 4-fold more HCV RNA being IP-ed compared with the normal IgG pull down ( Figure 5F ), as expected given that ApoE is a component of the HCV particle. 27 The α-GFP also pulled down 3-fold more HCV RNA than the normal IgG from the media conditioned by ApoE-GFP-expressing cells, but only pulled down background levels of HCV RNA from the media conditioned by the EV Hygro or SP-GFP-expressing cells ( Figure 5F ). This indicates that ApoE-GFP physically associates with the HCV particle, and that this association is not mediated by the GFP tag. Comparable levels of HCV RNA were present in the media subjected to the IP reaction, although the amount of HCV RNA in the ApoE-GFP samples was slightly (1.5 times) higher than in the EV control sample ( Figure 5G ).
Lastly, we expanded this analysis by inquiring whether GFP alone could associate with the lipoprotein particles. We subjected media conditioned by Huh-7.5/EV Hygro, Huh-7.5/SP-GFP and Huh-7.5/ ApoE-GFP cells to IP with α-ApoE, α-GFP or normal rabbit IgG, as above. These samples were obtained in the absence of HCV infection. We found that α-ApoE pulled down ApoE from all the samples, as well as ApoE-GFP from the corresponding media sample, but not free GFP from the SP-GFP sample ( Figure 5H ). In turn, α-GFP pulled down free GFP from the SP-GFP sample and ApoE-GFP from the ApoE-GFP sample ( Figure 5H ). ApoE was pulled down by the α-GFP only from the sample containing ApoE-GFP ( Figure 5H ), further confirming the specificity of the association between ApoE-GFP and ApoE-containing lipoproteins or HCV particles. Given these findings, could ApoE-GFP still be used to label and image HCV particles? If the structure and rate of production of the HCV RNA was electroporated into Huh-7.5/EV Hygro, Huh-7.5/SP-GFP and Huh-7.5/ApoE-GFP cells. After 72 hours, the media was harvested and subjected to immunoprecipitation (IP) or processed by western blotting. E, Western blot of input media used for IP of HCV RNA. F, IP was performed on media conditioned by HCV-producing Huh-7.5/EV Hygro, Huh-7.5/SP-GFP or Huh-7.5/ApoE-GFP cells using the indicated antibodies: normal rabbit IgG (white bars), rabbit α-GFP (gray bars) or rabbit α-ApoE (black bars, clone EP1374Y). The recovered HCV amounts were quantified and are expressed relative to the amounts pulled down by the normal IgG control. Two sets of electroporations with 2 IP per sample were performed. Shown are means AE SEM. (G.) HCV RNA amounts in the samples used for the pull downs from panel F. Left graph, total HCV RNA levels (Log 10 of RNA copy number) in 1/10 of the input sample. Right graph, relative HCV amounts in the same input samples. Shown are means AE SEM. Statistical differences (Student's t test: ns, P > .05; * P < .05; ** P < .01; *** P < .001). H, Co-IP of media conditioned by Huh-7.5/EV Hygro, Huh-7.5/SP-GFP and Huh-7.5/ApoE-GFP cells in the absence of HCV infection. The cell types are indicated at the top of the blots, the IP antibodies at the bottom, the proteins detected at the right of the blots, and the antibodies used for western blotting at the left of the blots.
| DISCUSSION
noninfectious ApoE-GFP-containing HCV particles were indistinguishable from the structure and rate of production of infectious ApoE-containing HCV particles, then ApoE-GFP might still be used in the analysis of HCV particle secretion. Unfortunately, only a small portion of released HCV particles are infectious, and they appear to be difficult to purify and characterize structurally. 27, 52 As such, showing equivalence between infectious ApoE-containing HCV particles and the noninfectious ApoE-GFP-containing HCV particles is challenging. We thus conclude that ApoE-GFP cannot be unambiguously used to mark and image infectious HCV particles during secretion from hepatic cells.
Nonetheless, our results document a behavior of ApoE-GFP that closely mirrors that of untagged ApoE with respect to lipoprotein release. We showed that ApoE-GFP colocalized intracellularly with untagged ApoE as well as with ApoB100, and was secreted from cells at a rate undistinguishable from that of untagged ApoE.
We further showed that secreted ApoE-GFP interacted with both ApoE and ApoB100, as expected of a proper lipoprotein particleassociated marker. This association could of course be in part due to exchange of ApoE-GFP between lipoprotein particles, however, our intracellular colocalization experiments suggest that ApoE-GFP associates with the lipoprotein particles in the lumen of the secretory pathway, and not solely after secretion into the extracellular space.
Overall, this is, to our knowledge, the first in depth analysis of the usefulness of ApoE-GFP as a marker of hepatocyte lipoprotein secretion. Previous studies have characterized ApoE-GFP in macrophages, 40 or have utilized ApoE-GFP in hepatocytes without performing a functional characterization of the constructs. 41, 42 We have performed thus a detailed analysis of ApoE-GFP's behavior.
Based on our findings, we propose that ApoE-GFP (or similarly made constructs) may be used in studies aiming, for example, to identify the route(s) of vesicular transport which shuttle ApoE-containing lipoproteins out of producing cells. Furthermore, quantitative kinetic imaging studies, including the study of whether and how the various ApoE isoforms affect the rates of lipoprotein secretion, may be performed using such FP-tagged ApoE constructs. Besides characterizing ApoE-GFP's behavior, our study provides a framework for testing other fluorescently tagged markers of lipoprotein particles. Lastly, as ApoE has also been involved in neurodegenerative diseases 53, 54 and cancer, 55 ApoE-GFP may be used in disease-specific cellular contexts to potentially answer cell biology questions relevant for the understanding of those pathologies.
| MATERIALS AND METHODS
| Expression vectors
The lentiviral vectors pLVX Phi, pLVX Phi3 and pLVX Hhi3 were derived from pLVX Puro (Clontech) and allow for cytomegalovirus promoter driven expression of genes of interest and puromycin (Phi and Phi3) or hygromycin (Hhi3) selection of transduced cells, respectively. pCMV6-XL5 hCalnexin was obtained from Origene, and pDNR-LIB hAlbumin was obtained from Open Biosystems.
| pLVX Hhi3 hApoE3
A DNA sequence encoding shRNA-resistant version of hApoE3 was synthesized, polymerase chain reaction (PCR)-amplified using NT628 ( 
| pLVX Phi3 mEGFP-hApoE3
The following fragments were assembled into the cloning vector 
| pLVX Phi SP-mEGFP
The signal peptide of calnexin described above was fused to the amino terminus of mEGFP via a EagI restriction enzyme site. The fusion, followed by a stop codon, was inserted into the MluI/BamHI sites of pLVX Phi.
| pLVX Phi3 SP-mCherry
The coding sequence of human albumin was amplified from pDNR-LIB hAlbumin using primers NT647 ( All cloning steps were performed using standard molecular biology techniques. GC-rich ApoE cDNA was amplified using Takara PrimeSTAR HS polymerase.
| Cell lines and growth conditions
The cell lines used in this study and the lentiviral vectors used for their construction are listed in Table 1 . All cells were grown in Dulbecco's Modified Eagle's medium (DMEM, Gibco), supplemented with l-glutamine, sodium pyruvate, 1% (vol/vol) nonessential amino acids (NEAA, Gibco) (from here-on referred to as DMEM+) and 10%
(vol/vol) fetal bovine serum (FBS, Sigma or HyClone) in humidified incubators at 37 C and in a 5% CO 2 atmosphere. Antibiotic selection was performed using puromycin (Sigma; 2-5 μg/mL for Huh-7.5 and 1 μg/mL for HeLa), and/or hygromycin (Invivogen, 150 μg/mL for Huh-7.5 or 250 μg/mL for HeLa). Selection was started 2 days after transduction and was maintained throughout subsequent growth.
| Generation of ApoE knockdown cell lines
Huh - 
| Lentivirus transduction
Low-passage HEK293T cells (60%-80% confluent) were cotransfected using polyethylenimine (Polysciences Inc.) or Fugene 
| Hepatitis C virus
RNA transcripts of the infectious HCV clone J6/JFH1 were generated from plasmids as previously described. 44 Briefly, plasmid DNA was linearized by digestion with XbaI, templates were purified by Minelute column (Qiagen), and 1 μg DNA was transcribed using the T7 RiboMAX Express Large Scale RNA Production System (Promega).
Template DNA was removed by digestion with 1 U DNAse I and RNA was cleaned up by RNeasy kit (Qiagen) with an additional oncolumn DNAse I digestion step (Qiagen). RNA was quantified by absorbance at 260 nm, its integrity was verified by agarose gel electrophoresis, and 5 μg aliquots were stored at −80 C.
HCV RNA was transfected into Huh-7.5 cells by electroporation as described previously. 44 Briefly, Huh-7.5 cells were trypsinized, 
| Live cell imaging
Cells were imaged on a custom-built microscope, 49 based on an Olympus IX-81 frame and equipped with a UApoN ×100, 1.49 NA objective. Cells were imaged with a 488 nm diode laser (Omicron, 100 mW) and an ET525/50m emission filter (Chroma). The temperature was maintained at 37 C throughout imaging using custom-built 
| SDS-PAGE and western blotting
Samples were lysed and denatured in reducing SDS sample buffer 
| Antibodies
The following antibodies were used for western blotting: mouse α-GFP 
| Secretion assay and immunoprecipitation
Cells were washed once with DMEM+ containing 1% FBS, allowed to secrete cargo in the same media for 5 hours, then media and cells were harvested. Media was cleared by a 3 minutes, 500g spin, then an aliquot of the media was mixed with SDS-SB, denatured, and stored at −20 C. IP of 1.8 mL of cleared media was done as follows. 
| Radioactive pulse-chase
This procedure was adapted from a previous study 58 as follows. Huh- by SDS-PAGE on 4% to 12% Bis-Tris gels. The gels were fixed, incubated with Autofluor (National Diagnostic) and exposed in a phosphorimager and the intensity of each band was quantified. Relative amounts of radiolabeled amino acid incorporation were calculated by dividing the intensity of the protein-specific band at the end of the pulse period by the measured total protein-contained radioactivity in the corresponding sample. Secretion of newly synthesized ApoE or ApoE-GFP was assessed by expressing the amount of radioactively labeled protein present in the media at a given time point as a percent of the total (secreted + cell-associated) radioactively labeled protein measured at the same time point.
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